Abstract-This paper studies the optimum user selection scheme in a hybrid-duplex device-to-device (D2D) cellular net works. We derive an analytical integral-form expression of the cumulative distribution function (CDF) for the received signal to-noise-plus-interference-ratio (SINR) at the D2D node, based on which the closed-form of the outage probability is obtained.
I. INTRODUCTION
Device-to-device (D2D) communications has been consid ered as a key technique in 5th generation (50) communications because of its several advantages, i.e., throughput enhance ment, user equipment power savings, and instantaneous data rate increase [1] . For D2D underlay cellular networks, D2D users send data signals to each other over a direct link by reusing cellular resources, similar to the secondary user scenario introduced in cognitive radio systems [2] . However, the major differences between the D2D and cognitive radio systems is the radio resource usage can be controlled in coop eration with cellular networks in the D2D underlay scenario, whereas the secondary user in cognitive radio systems is not controlled by the primary user networks [3] .
Furthermore, current wireless communication networks usu ally employ half-duplex model. Most existing work has been targeted at half duplex device-to-device (HD-D2D) networks including resource allocation [4] , and power optimization [5] . However half-duplex transmission incurs 50% loss in spectral efficiency. In order to improve spectral efficiency, full duplex transmission, which was previously considered impractical due to the associated self-interference (SI), has been considered recently because of the advances in SI cancelation approaches 978-1-4673-6540-6/15/$31.00 ©2015 IEEE (e.g. [6] , [7] ). Furthermore, [8] and [9] have combined the concepts of full duplex and D2D to improve the system sum rate, because it can harvest the advantages of both technologies to improve the spectral efficiency of wireless communications. Most previous works implied Doppler's mechanism [3] in which the base station (BS) controls the maximum transmit power of the D2D transmitter which can efficiently manage the D2D interference to BS in upper link. However the interference from cellular user to D2D receiver has not been considered in aforementioned works.
In this paper, we consider cellular user selection scheme in hybrid-duplex D2D cellular networks with uplink underlaying policy, where one BS, one D2D pair and K available cellular users. We not only consider efficient interference coordina tion to prevent harmful interference to BS, but also achieve throughput enhancement of D2D systems by proper design of the cellular user selection scheme. We can also switch the hybrid-duplex between half and full duplex according to residual SI to improve the throughput of D2D link. Moreover, satisfying these conditions makes it very hard to obtain the dis tribution of the SINR and the related outage probability at the D2D node. The main contribution of this paper, therefore, is to derive an integral-form expression of the outage probability for the cellular user selection in a hybrid-duplex D2D cellular networks. The analysis not only provides a deep insight into understanding cellular user selection in an interference limited D2D cellular system, but also suggestion an interesting way for analyzing similar systems.
The remainder of this paper is organized as follows. The system model is presented in Section II. In Section III and IV, the cellular user selection in half and full duplex D2D networks are analyzed, respectively. The throughput of D2D networks analysis verification and conclusions are provided in Section V and Section VI, respectively.
Notations: we use upper bold-face letters to represent matri ces and vectors. Ei(l,a) denotes an exponential integral. And f (.) and F(.) denote the PDF and CDF, respectively.
II. SYSTEM MODEL
A cellular network with hybrid-duplex D2D is shown in Fig. 1 , where there is one cellular base station and K available users l from Sl to SK and a hybrid-duplex D2D pair. We assume the BS and each user are half-duplex devices and D2D pair can switch between half-duplex and full-duplex modes. The channels Si -+ BS, Dl -+ BS, D2 -+ BS, S i -+ DI, S i -+ D2, DI -+ DI and D2 -+ D2, which are denoted as hSib' hdIb, hd2b' hSidl' hSid2' hdIdI and hd2d2' respectively, are independently Rayleigh flat fading, and keep unchanged within one packet but may vary from one packet to another have been assumed. Therefore, the corresponding channel gains, obtained as
respectively, are independently exponentially distributed with mean of >"j, respectively. We assume the channel information between each user and full-duplex device-to-device (FD-D2D) pair can be obtained by the BS 2 . In the cellular cell, the K available users attempt to transmit signals to the base station BS by using uplink resource. In order to enhance the throughput of D2D link, the best user will be selected by BS and share same uplink resources (i.e., time slot and frequency bin) with current D2D user. In our proposed system, the maximum power of D2D transmitter is strictly limited so as not to generate any harmful 1 The available users means the users that can be guaranteed a reliable communicate with BS.
2 The CSI is usually estimated through pilots and feedback (e.g.
[10]), and the CSI estimation without feedback may also be applied (e.g [11] ), which are beyond the scope of this paper.
interference to BS, and can be defined
where "(dId2 and "(Sid2 are channel gains between DI and D2 and between Si and D2, respectively.
In this work, the SINR of D2D link can be enhanced by the optimum cellular user selection as (4) Next, we first derive expressions for the probability-density function (PDF) and cumulative-distribution-function (CDF) of the SINR in (4), and then obtain the outage probability for the D2D pair. For better exposition, we let x = "(dIb , Y = "(dId2 and w = � W hSid2}' The PDF of y is Jy(y) = 1/>"d Id2 e-yjAdId 2 and t h e CDF o f w can be obtained as
The CDF of t = yw can thus be derived as
Jo dId2 + sd2 t
Next we can obtain the CDF of Id2 = min (�, p) t as
where cp = ;
hKA �l d2 and Ei(l,a) is an exponential integral when the SINR at the D2D pair falls below a certain target level. From (7), the outage probability for the proposed relay selection system is given by
where a is the pre-defined target SINR which is 2RT -1. In this work we consider the delay-limited transmission mode, where the average throughput can be calculated by the outage probability of the system at a fixed transmission rate RT b/s/Hz. In the HD-D2D scenario, the throughput can be calculated as (9) In the next section, the FD-D2D scenario will be analyzed.
IV. CELLULAR USER SELECTION IN FULL DUPLEX D2D

NETWORKS
For FD-D2D systems, the best cellular user will be selected from K available users to share the same uplink radio re sources with a FD-D2D pair, and D1 and D 2 transmit signals to each other enabled by SI cancellation. As we mention earlier, with the current state-of-the-art technology, the SI can be nearly cancelled to noise level [6] , [7] . Therefore, the received signal according to different time slots at the D 2 is given by yr2, i = JPi:xdI hd Id2 +� Xd2hd2d2 +vp'xs hsid2 +nd2'
where Xd2 is transmission vectors from D 2 . According to (1) and (10), at high SNRs, the instantaneous SINR at D 2 can be obtained as
Id2d2 + ISid2
The maximum capacity of FD-D2D link can be obtained by the optimum cellular user selection as min ( �, p ) Id,d2
Next, we derive expressions for the PDF and CDF of the SINR in (12) , and then obtain the outage probability for the overall system. For better exposition, we let z = Id2b , the PDF of z is fz(z) = 1/Ad2be -z I Ad2b . Therefore, by using the same calculation as (7), the CDF and PDF of While (17) is in an integral form, it can be easily evaluated numerically with, for example Matlab or Maple [12] . We can derive the outage probability from Dl to D2 as P:';t by using the same method as (8) . Furthermore, in the delay-limited transmission mode, the average tlrroughput can be calculated by the outage probability of the system at a fixed transmission rate. The throughput of FD-D2D scenario can be calculated as TF = RT(1 -P:';t) + RT(1 -P;;; t) , (18) where P;;; t is the outage probability from D2 to Dl which can be calculated by the same method with P:';t. In the next section, the throughput of half and full duplex D2D will be assessed by simulations.
V. SIMULATIONS
In this section, simulation results are presented to verify the above analysis. In the simulations below, the noise variances (J� I and (J� 2 and each cellular user transmission power are all normalized to unity. (9) are shown, and the simulation results are obtained by averaging over 1, 000, 000 independent runs, The results are compared under different settings of the mean channel gain 'YdId2 and number of available cellular users. It is obviously that under good channel conditions when the channel gains are high, the theoretical approximate (9) and simulated throughput are very well matched. It is also shown in Fig. 2 that the throughput is significantly improved by using our proposed cellular user selection scheme. For example, when 'YdId2 = 30 dB, the throughput with non-selection is around 0.13 bps/Hz, however, the tlrr oughput of our proposed scheme are 0.5, 0.63 and 0.7 bps/Hz for K = 10, 20 and 30, respectively. It is obviously that under the good channel conditions, the theoretical approximate (18) and simulated tlrr oughput match very closely. It is also shown in Fig. 3 that the tlrroughput is significantly improved by using our proposed user selection scheme, i.e., the throughput of non-selection is around 0.2 bps/Hz, however, the tlrroughput of our proposed scheme are 0.72, 1 and 1.15 bps/Hz for K = 10, 20 and 30, respectively, when 'YdId2 = 30 dB.
, -, -, Theoretical non-selection dB. According to [13] , radio transmissions always encounter a bandwidth constraint that limits maximum SI cancellation, therefore, it is useful to consider the different residual SI SNR which can affect the performance of full duplex D2D scheme. In order to compare half and full duplex D2D scenarios fairly, in Fig. 4 , we set Ith = 2 and 1 for half and full duplex D2D, respectively. It is clearly shown that, when residual SI increases, the tlrroughput of FD-D2D is adversely affected, but the throughput of HD-D2D keeps a constant. Furthermore, the throughput of HD-D2D with the proposed selection scheme (K = 10) or non-selection are always less than that of FD-D2D, when 'Ydd is less that 20 or 19 dB, respectively. Therefore, hybrid-duplex D2D can be selected between half and full duplex according to different residual SI to enhance the throughput of D2D link.
VI. CONCLUSION
This paper studied the best cellular user selection scheme in a hybrid-duplex D2D cellular system. The integral form of the throughput of the hybrid-duplex D2D was derived. The result showed that hybrid-duplex D2D can be selected between half and full duplex according to different residual SI to enhance the throughput of D2D link. We are aware of the fact that practical systems may be more complicated than the system considered in this paper. Nonetheless, the analysis in this paper provides useful insights and a solid basis for further analysis.
